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In situ radiation measurement and estimation of U/Th ratio
to reflect on the uranium bearing potential zone in
metamorphic rocks of Mahendragarh district, Haryana
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Abstract : Gross gamma radiation survey was carried out using Nal(Tl) scintillator based portable gamma
ray spectrometer (PGRS) around areas of Gaonri, Dholera, Pachnota and Meghot in Mahendragarh district,
Haryana. Geologically the area forms part of north Delhi fold belt comprising calc-silicate, quartz biotite schist,
impure marble, quartzite and pegmatite rocks. Equivalent uranium (eU3O8) concentration in ppm was estimated in
situ on a regular grid pattern of 500 m (E-W) × 1000 m (N-S) and grab samples were collected at grid locations
for analyzing in the laboratory for estimating the contents of eU3Os Raeq, ThO2 and %K. A comparison with the
laboratory analysed grab samples for eU308 data and in situ radiation measurements shows a good match of the
two sets of data. The in situ measurements indicate higher concentration of eU3O8 in Chapra Bibipur in northeastern
most corners, Maghot area in central part, Gaonri in western part and Pachnota in southwestern part of the
study area.
As index to uranium favorability, U(Raeq)Th contour map (prepared using Surfer software with
Krieging interpolation method for this grid size) based on the data on grab samples was generated which show
three major clusters of relatively high UTh ratio. The blocks delineated are enriched in sodic mineral albite which
support albite hosted uranium mineralization potential in metamorphic rocks in Haryana.
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PACS No. : 07.85.Nc
1. Introduction
The relatively high concentrations of U, U/Th and U/K in airborne radiometric data are
diagnostic for identification of anomalous concentration of uranium [1]. The statistical
significance analysis of these parameters [U, UTh and UK] using zi [(xi–);  :
mean and  : standard deviation] and superimposition of contour maps led to the
demarcation of a zone bounded by longitude 79°0 –79°15 and latitude 16°30–16°45
which paved way to further uranium exploration in the northern Cuddapah basin [2].
Thus the parameters U, UTh and UK have been used traditionally for highlighting the
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concentration of uranium and its preferential enrichment in a surveyed area using
airborne radiometric data.
Sodium metasomatised uranium mineralisation has been found in several places
of the world e.g. Ukraine, Brazil, Sweden and Cameron. Some of these are economically
viable and are being exploited. It is to note that such deposits constitute about 18
percent of the total uranium reserves and resources in the countries of the former
Soviet Union. Sodium metasomatisedalbitite related deposits have also been discovered
in Chad, China and Canada [3]. In India, alibitisation was identified by Ray [4] in
Rajasthan. The uranium mineralisation of economic concentration has been found in
albititesodium metasomatites at Ghatesar, Rohil, Khandela in Sikar district of Rajasthan
[5]. This uranium mineralisation is restricted to the albitite zone or albitite line which
in fact a long and narrow zone extending from Dhanota in Mahendragargh district of
southern Haryana to Tal in Rajasthan over a length of 320 km with NNE-SSW trend
[6].
In the present study we consider an area that lies in the northeastern part of
the albitite zone. The study aims to use U and UTh ratio of ground radiometric data
obtained from this zone for marking sectors having relatively high uranium potential and
then checks whether the sectors coincide or not with the observed sodium metasomatites
or albitisation in the field. It is observed that potassium does not play a significant role
in this case.
2. Local geological setting
The study area is bounded by latitude 27053 to 27056 and longitude 75059 to 76007
(Figure 1). The area mainly forms the part of Ajabgarh Group of the Delhi Super group
Figure 1. Geological map of Pachnota-Nangaldurg Antri-Biharipur area, Mahendragarh district, Haryana.
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and some of Alwar Group of rocks. The common rock types are quartzite, calc silicate,
quartz biotite schist and impure marble. Pegmatites are intruded along the strike of
rocks as well as across.
Varying degrees of metasomatic changes are found in the rocks by means of
albitisation as well as calcite veining. Effects of aventurine albitisation along strike
direction in the country rocks are abundantly seen in areas around Gaonari-Sareli,
Musnota, Meghot and Zainpur-Antri-Biharipur areas.
3. Measurement methods
3.1. Field measurements :
Gross gamma radiation survey was carried out using 1¾ × 2 NaI(Tl) crystal based
portable gamma ray spectrometer (PGRS) type GRS/4, designed and fabricated by
AMD. This instrument is primarily designed for differentiating uranium and thorium when
operated in spectrometric mode, however, the same instrument can also be used in
integral mode. Uneven terrain and lower order of prevailing in situ gross gamma
radiation count made us to use the PGRS in integral mode. A total of 66 sq km area
[6 km(N-S) × 11 km (E-W)] was surveyed which gave rise to 154 grid points.
3.2. Laboratory analysis :
After carrying out the survey work at the regular interval of above field area, grab
samples were also brought to lab for spectrometric analysis [7]. These samples were
analysed in the laboratory for eU3Og, Raeq, ThO2 in ppm and for K in %, by using 5
× 4 Nal(Tl) crystal and 1K PC based MCA system which is calibrated using point
sources Cs137 (662 KeV) and Co60 (1.17 MeV and 1.33 MeV). The channel sensitivities,
minimum detection limits (MDL), detector resolution and stripping constants are given
in Table 1 for the spectrometer used. The %K content in the analysed samples show
that potassium values are <1% in nearly half of the samples with maximum value of
Table 1. Gamma ray spectrometric parameters for 5 × 4 Nal(Tl) crystal system.
Value of standard Average BG* Channel Minimum detection Stripping
used (wt = 400 gms) counts500 sec sensitivities# limits (MDL)  constants
eU3O8 – 1100 ppm 5345 SeU = 523# 0.5 ppm  = 0.29 (Th  U)
K(%) – 26.58% 411 Sk = 387## 0.3%  = 0.64 (Th  K)
Raeq – 1100 ppm 174 SRaeq = 29.6
# 2 ppm  = 0.69 (U  K)
ThO2 – 4400 ppm 157 SThO2 = 9.7
# 4 ppm  = 0.06 (U  Th)
Detector resolution at 662 Kev, Cs137 = 9%
*BG - Back ground counts
# - countsppm500 sec400 gms
## - counts%K500 sec400 gms
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7%. This means potassium does not play a significant role for the uranium mineralization
in this area. Hence preferential enrichment of uranium with respect to potassium
represented by U/K is not considered in the presentation of data.
4. Presentation of data
Radiometric data representing purposive sampling (Table 2) taken from the area shows
that overall there is not much disequilibrium in the uranium series (estimations were
carried out following the method of Eichholz et al [8]. Therefore for all practical
Table 2. Radiometric data representing purposive sampling (n = 5).
Sample % eU3Og % U3O8 % Raeq % ThO2
Number
AN-1 0.13 0.13 0.12 <0.005
AN-2 0.019 0.014 0.016 0.007
AN-3 0.012 0.011 0.012 <0.005
AN-4a 0.033 0.029 0.031 <0.005
AN-4b 0.018 0.023 0.016 <0.005
Average 0.042 0.041 0.039
Figure 2. eU3O8 PGRS field survey contour.
purposes Raeq values are being represented by U values in the lab data. From lab data
a derived parameter U/Th, based on the condition that both U(Raeq) and ThO2 values
 respective MDL’s, was computed for the respective data points. Using contouring
software SURFER Ver 8.02 and Krieging interpolation method [9], contour maps were
prepared for the PGRS-eU3O8 (Figure 2), lab-eU308 (Figure 3), lab-U(Raeq) (Figure 4),
lab-ThO2 (Figure 5) and U/Th (Figure 6).
5. Interpretation
In all the contour maps, contours above the mean values of the respective parameter
are shaded for purposes of comparison. The PGRS-eU3O8 contour map (Figure 2) and
the corresponding contour map for lab data (Figure 3) show a more or less good match
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Figure 3. eU3O8 lab contour.
Figure 4. U(Raeq) lab contour.
Figure 5. ThO2 lab contour.
except for the part lying within the block EFGH. For the area within the block ABCD
contribution to eU3O8 are due to both U(Raeq) (Figure 4) and ThO2 (Figure 5). But for
the block BEHC and FIJG, U(Raeq) is more densely contoured with successively higher
values than that of the ThO2. Therefore these two blocks assumes significance from the
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Figure 6. U(Raeq)Th ratio contour.
point of view of uranium potential. The preferential enrichment of U(Raeq) with respect
to ThO2, indicated by the ratio U/Th, demarcates three distinctive sectors : (i) Gaonri-
Sareli-Bigopur-Meghot, (ii) Antri-Biharipur and (iii) Pachnota-Mosnuta; shown shaded in
Figure 6. These zones marked for high U/Th ratio are found to be albitised zones
containing brick red aventurine albite (NaAlSi3O8) in varying abundance. During sodium
metasomatism event uranium mobilization might have taken place in the area. Similar
examples of uranium mineralisation are found in Sikar district of Rajasthan [5] which
is associated with more or less similar geological setup.
6. Conclusion
PGRS, in integral mode, helps to collect appropriate grab samples from the area
surveyed in grid pattern. Gamma ray spectrometric analysis of these samples in lab
and subsequent contours for parameters U and UTh marked three zones for high U
potential. Purposive sampling from these zones shows that uranium series is almost
in equilibrium condition. These zones are albitised and the average concentration of %
U3O8 is found to be 0.041.
Acknowledgments
Authors are grateful to the Dr. Anjan Chaki, Director; Shri P S Parihar, Additional
Director (Op-II), Shri C L Bhairam, Regional Director-NR of Atomic Minerals Directorate
for Exploration and Research for providing the opportunity to participate and present this
paper at the National Symposium on Solid State Nuclear Track Detector and Their
Applications being organized by H N B Garhwal University, Tehri Garhwal, in collaboration
with Nuclear Track Society of India. Authors are also indebited to Dr. S S Raghuwanshi,
Head, Physics Group for discussing the technical aspects of this work.
References
[1] A G Darnley Airborne Gamma Ray Survey Technique–Present and Future; IAEA, Panel Proceedings
Series on Uranium Exploration Methods Held in Vienna p67 (1972)
						 
[2] Bhisma Kumar, B K Bhaumik, S S Raghuvanshi and S G Tiwari Exploration & Reseach for Atomic
Minerals 2 219 (1989)
[3] F H Barthel Uranium Occurrences in albitised rocks, Monograph series on Mineral Deposits, 27:1
Gebreuder Born Traeger (Berlin-Stuttgurt) p1 (1987)
[4] S K Ray J. Geol. Soc. India 36 413 (1990)
[5] Narayan Das, G R Sharma, D K Singh and R Singh J. Geol. Soc. India 21 432 (1980)
[6] O P Yadav, S Hamilton, Rajiv Vimal, S K Saxena, A K Panda and K R Gupta Exploration & Reseach for
Atomic Minerals 14 100 (2002)
[7] A A P S R Acharyulu, B Sreenivas Murthy and B K Bhaumik Proc. Indian Acad. Sci. (Earth Planet Sci.)
113 321 (2004)
[8] G C Eichholz, J W Hilborn and C McMahon Canadian J. Phys. 31 (1953)
[9] John C Davis Statistical and Data Analysis in Geology (3rd ed) : (New York : John Willey & Sons) p380
(2002)
